Chikungunya (CHIK) virus is a group A arbovirus which produces a febrile illness in man and has been isolated from human cases during widespread epidemics occurring in Africa and Asia (5, 8, 9, 13) . Although CHIK infection is rarely fatal, it may incapacitate a person for several days, making a protective vaccine desirable for control of this disease.
A Formalin-inactivated vaccine for CHIK virus has been prepared in green monkey kidney cell culture and has been shown to protect mice against an intracerebral challenge and also to stimulate the production of hemagglutinationinhibiting (HI), complement-fixing (CF), and neutralizing antibodies (6) .
Extraction of several lipid-containing viruses with the surfactant Tween 80 and ether results in a product which is immunogenic but which lacks infectivity. Experimental influenza and measles vaccine have been prepared by this method (3, 11) . Tween-ether extraction has also been used in the preparation of hemagglutinins for use in arbovirus HI antibody tests (15) . This work is concerned with attempts to apply the Tween-ether extraction procedure for preparation of a vaccine against CHIK virus and to com- Nine-day-old embryonated chick eggs were obtained from Duckworth Hatcheries, Hanover, Md.
Chick embryo cell cultures were prepared by methods described elsewhere (12) .
Viruses. African CHIK strain 168, the virus used in the preparation of vaccines, was subjected to (1) . The volumes in these tests were modified so that a microtechnique could beemployed. Sera, orfluids containing HA, were serially diluted in "V"s-or "U"-bottom plates by using micro diluting loops, and reagents were added by the use of 0.025-or 0.05-ml micropipet droppers. All microtitration equipment used was manufactured by the Cooke Engineering Co., Alexandria, Va. Antigens for HI and CF antibody tests were prepared from virus-infected suckling mouse brain by sucrose-acetone extraction.
Neutralizing antibody tests were performed by the plaque-inhibition technique described by Porterfield (12) .
Sera for CF and neutralizing antibody tests were inactivated at 60 C for 30 min, whereas those for HI antibody tests were kaolin-extracted and adsorbed with goose erythrocytes to remove natural agglutinins.
Vaccine preparation and potency testing. The procedure of Harrison, Binn, and Randall (6) was followed for the preparation of Formalin-inactivated vaccine for CHIK virus. The Tween-ether extraction procedure previously described was also used for preparation of Tween-ether vaccine. After removal of residual ether by aeration with nitrogen gas, the fluids were filtered through 0.45-pm Nalgene filters; bacterial sterility tests were performed and the fluids were stored at 4 C. Tests for residual virus after inactivation were performed in suckling mice for both the Formalin and Tween-ether vaccines by intracerebral inoculation of serial dilutions of inactivated virus fluids.
Potency assays of the vaccines were performed in male, Swiss Bagg strain mice, 3 (14) .
Antibody assays were performed in groups of adult mice by giving two 0.25-ml doses of vaccine intraperitoneally, spaced 7 days apart. All mice were bled by cardiac puncture 14 days after their second dose of vaccine. Bleedings were pooled for each group of mice, and the serum was separated from the clot and stored at -20 C.
RESULTS
Growth curve of CMIK virus in green monkey kidney cell cultures. Growth characteristics of CHIK virus in green monkey kidney cell cultures were studied so that harvests could be made that would result in the greatest yield of infectious virus or HA. Cell culture flasks were inoculated with 5 ml of CHIK virus diluted in medium 199 to give multiplicities of infection of 1:3, 1:50, 1:350, and 1:7,000 plaque-forming units per cell. At selected time intervals, samples from each input multiplicity were removed and tested for viral and HA content. Also, observations were made for the presence of cytopathogenic effect (CPE) at the various multiplicities. From the results summarized in Fig. 1, it it was found that the HA particle was indistinguishable from the infectious particle of untreated CHIK virus preparations after rate-zonal sedimentation in sucrose gradients. After CsCl equilibrium density gradient centrifugation, most HA activity was associated with the infectious particle, although at times a second small peak or shoulder of HA of lower density was evident in the gradient. The possibility of a degradative effect by CsCl on the CHIK virion has not been ruled out.
Vaccine preparation and assay. By using techniques already described, CHIK virus was Tweenether-treated, with the object being to use the was used in all subsequent experiments for the preparation of stock CHIK virus.
Rate-zonal and equilibrium density gradient centrifugation. As previous experiments indicated, the HA titer of CHIK virus increased after Tweenether treatment. The physical alterations of the virus particle after treatment were studied by analysis of sedimentation rates in sucrose gradients and also by buoyant density determinations in CsCl gradients. After centrifuging the untreated infectious particle and the Tween-etherextracted HA in similar gradients, the sedimentation rate of the HA particle was found to be less than the sedimentation rate of the infectious particle (Fig. 2) . Treatment of virus with Tween and ether also results in a homogeneous yield of HA particles, as indicated by the well-defined peak of HA activity.
To supplement physical characterization of the infectious and HA particles, the buoyant density of the particles was determined by equilibrium density gradient centrifugation. From Fig. 3 , it can be seen that the whole infectious virus particle equilibrates at a density of approximately 1.23 g/ml, whereas the HA particle derived by Tween- ether treatment equilibrates at the slightly higher density of 1.26 g/ml.
From previous experiments (unpublished data), Groups of mice were vaccinated on day zero with serial dilutions of vaccine and were challenged 14 days later with 300 mouse LD5o. product as a vaccine. Both Formalin and Tweenether vaccines were prepared simultaneously for reference purposes. Stock CHIK virus harvested from infected green monkey kidney cell cultures at 48 and 96 hr was used in the preparation of the vaccines. The levels of infectious virus and HA vary between 48 and 96 hr postinoculation (Fig.  1) . It was of interest to uncover any differences between vaccines prepared from a harvest containing mostly infectious virus and one in which HA was at its highest level with infectivity on the decline. Experiments were also designed to compare the immunogenicities of vaccines prepared by the Tween-ether and Formalin methods.
Infectious virus and HA levels before and after inactivation by Tween-ether or Formalin are summarized in Table 1 
